Homoploid hybrid speciation has been reported in a wide range of species since the 20 exploitation of genome sequences in evolutionary studies. However, the interference 21 of ancestral subdivision has not been adequately considered in many such 22
Introduction 36
Homoploid hybrid speciation (HHS) is the process of forming a new species between 37 two donor species without a change in chromosome numbers. Such events have 38 historically been considered rare, but this view has dramatically changed in recent 39 years. Since the exploitation of sequences in evolutionary investigations, the 40 involvement of homoploid hybridization (HH) has been proposed for the evolution 41 and speciation of a wide range of species, including both plants and animals (Mallet events were involved in the evolution of these diploid wheat lineages, and that most 65 of those belonging to the D lineage were derived from HHS between the A and B 66 lineages. 67
68
To accommodate the discordant results obtained from the different studies, models 69 for the evolution of the D lineage have become increasingly complicated. However, 70 none of these models are strongly supported by biological evidence. First, the 71 prohibitive genetic distances among the three diploid lineages of wheat known today 72 make the prospects of producing any fertile diploid progeny between them unlikely. 73
Even with modern techniques, it has not been possible to generate any viable diploid 74 between the extant diploid A and D lineages, let alone between the more distant A 75 and B lineages. Second, different chromosomal structures between these diploid 76 lineages would have prevented the generation of fertile diploid hybrids between 77 The key evidence used in arguing for HHS of the D lineage is that, based on shared 92 variations (gene trees, gene content, transposon elements (TE) and single nucleotide 93 polymorphism (SNP)), the A and B lineages are more closely related to D individually 94 than to each other (Marcussen et al. 2014 
them. A large reciprocal translocation between chromosome arms 4AL and 5AL (Ma

Results and discussion 114
Three possible types of shared variations can be obtained from three different taxa 115 We then used the R genome to identify AVs from each of these datasets. This 172 analysis found that the proportions of ABR in AB and BDR in BD are very similar. 173
However, the proportion of ADR in AD is significantly lower than the other two types 174 We then further estimated the optimal parameters for both the HHS and non-HHS 191 models using the shared variations by maximising the multinomial log-likelihood. We 192 tested which of the models could be accepted based on the discrepancy between the 193 observed and expected data for each of them. The results showed that significant 194 differences were not detected from the datasets for any of the combinations under in the evolution of some species may exist, such possibility is now clearly excluded in 231 the study of D lineage of wheat, we therefore believe that its importance has likely 232 been exaggerated. The new approach discussed in this publication not only provides 233 more meaningful results for the evolution of the D lineage of bread wheat but should 234 also be invaluable in re-assessing other species for which HHS has been deduced 235 based on sequence data. 
Identification of shared Indels 315
Indels have previously been widely utilised to assess evolutionary relationships. We 316 focused only on those Indels from genes which could be found from each of the three 317 subgenomes of bread wheat and from the genome of barley in this study. A total of 318 3,771 such genes (orthologous quadruplets) were found (supplementary data 1) and 319 used for further analyses. Sequences of the orthologous genes for the three 320 manually detected based on the following rules. Briefly, the presence or absence of 330 an Indel in the outgroup (barley) was treated as the ancestral state (as 0), and the 331 alternative was treated as the mutated state (as 1). Considering the order of H|A|B|D, 332
we have 0|1|1|0 for AB shared Indels, 0|1|0|1 for AD shared Indels, and 0|0|1|1for BD 333 shared Indels. 334
335
When multiple Indels were present in a single gene, those with the same sequence 336 were recorded only once. To decrease sampling bias from a single dataset, two 337 combined datasets were generated from the common variations shared by 338 The shared Indels were then put into two groups based on their presence or absence 344 in the rye genome. For those present in R, we have 0|1|1|1|0 (in the order of 345 H|R|A|B|D) for ABR shared Indels, 0|1|1|0|1 for ADR shared Indels, and 0|1|0|1|1 for 346 BDR shared Indels. For those absent in R, we have 0|0|1|1|0 for AB~ shared Indels, 347 0|0|1|0|1 for AD~ shared Indels, and 0|0|0|1|1 for BD~ shared Indels. These data are 348 listed in supplementary data 5. the outgroup should not be biased towards any one of them. Rye seems to be a 374 suitable candidate as the outgroup for the diploid lineages of bread wheat, as it 375 satisfies these criteria (supplementary fig. 2 and supplementary table 1 ). Based on 376 whether they are present in rye, we can obtain a dataset containing AVs only. This 377 dataset includes all shared variations present in ADR, BDR and ABR. 378
Understandably, due to incomplete lineage sorting (ILS), a proportion of the AVs 379 occurring prior to the divergence of rye (AVs before R ) would show ancestral states in 380 the R genome. Thus, not all AVs before R could be detected using rye as the outgroup. 381
Supposing that ω is the proportion of AVs before R in all AVs, then the probability of AD, 382 BD and AB types derived from AVs before R could be represented as ( ) , ( ) 383 and ( ) , respectively. Supposing that 1 , 2 and 3 are the proportions of 384 shared variations between rye and those in AD, BD or AB from AVs before R , 385 respectively, then we have = 1 ( ) , = 2 ( ) and = 3 ( ) . 386
Here, 1 , 2 and 3 are determined by the genomic relatedness between rye and the 387 three diploid lineages of wheat. As discussed earlier, 1 , 2 and 3 should be very 388 close to each other. We therefore assumed that 1 = 2 = 3 = , and that the 389 distribution of AVs could therefore be estimated from the identified AVs (i.e., . We thus tested the two hypotheses to detect PIV signals from the shared 400 variations in AD and BD, respectively. 401
PIV signals in AD 402
The hypothesis test here is 0 :
( ) = 0 versus 1 : ( ) > 0. 403
The hypothesis
( ) = 0 is equivalent to = , and columns (AD and AB) 404 and rows (present in R and absent in R ) are independent, as in the analysis of a 405 contingency table. Rejection of H0 indicates that is less likely than , i.e., 406 there is a significant number of PIV signals in AD. 407
PIV signals in BD 408
The hypothesis test is 0 :
( ) = 0 versus 1 : ( ) > 0. The hypothesis 409 ( ) = 0 is equivalent to = . Rejection of H0 indicates is less likely 410 than , i.e., there is a significant number of PIV signals in BD. 411 
